Abstract. This work presents the comparison between the change of a dynamic contact angle during drop spreading over copper surfaces obtained in the experiment and calculated by using empirical correlations (Bracke et al., Jiang et al., Seebergh et al.). It is found that these correlations are applicable for the case of drop spreading over a smooth surface or over a rough surface into the low capillary number region (2.5·10 -7 ). Dynamic contact angles obtained experimentally increase with increasing capillary number, besides it increases significantly on more rough surfaces. However the calculated values of angles do not depend on Ca.
Introduction
To create an energy-efficient heat exchanger for high heat flow removal (up to 1000 W/cm 2 ) from a source with small linear dimensions, it is necessary to develop the hydrodynamics of gas-liquid flows in mini-systems and mini-channels [1] [2] [3] . Heat transfer agent in such system is a liquid film with a few millimeters in thickness. Its movement and evaporation depends on wetting. Physical mechanisms of wetting can be described by molecular-kinetic theory or hydrodynamics. Accordingly, wetting is considered either in terms of the kinetics of molecular processes occurring in a contact line [4] [5] [6] [7] or the effect of the viscous stress on a contact angle change (dynamic contact angle change) while spreading [8, 9] .
A dynamic contact angle (DCA) d T characterizing wetting process is a function of contact line speed C U (or capillary number Ca) and equilibrium contact angle 0 T [10] . Nowadays there is no universal expression to relate contact angle with contact line speed [11, 12] .
One of the first empirical correlations of DCA from Ca and 0 
Investigations [12] were conducted on smooth and rough polyethylene and polyethylenetherephthalate surfaces. Aqueous glycerin solution, aqueous ethyleneglycol solution and oil were used as working liquids.
The empirical correlation at low capillary number for polar and nonpolar liquids (silicon oil, water, bromoform, methylene iodide, diethylene dioxide) on polyethylene substrates has been obtained in [13] :
It is noteworthing that equations (1) - (3) have the same functional form [12] :
Equations (1) - (3) were obtained after conducting the experiments on the substrates made of glass, polyethylene, polymer materials. Traditionally, metals with high thermal conductivity (copper, brass, aluminum) are used for manufacturing the heat exchange systems with small linear dimensions. However, there are no correlations of DCA from Ca and 0 T for drop spreading over these materials, which can be applied for modeling the high energy efficient heat exchange systems.
The purpose of this work is to obtain empirical correlations of DCA from capillary number and equilibrium contact angle under the conditions of distilled water drop spreading over the copper surfaces.
Research method
Experimental investigations were conducted on the setup presented in Fig.1 . The operating principle is given in detail in [14] . The surface profile and roughness parameter (arithmetic average roughness Ra) are obtained on the profilometer "Micro Measure 3D station" (Table 1 ).
According to results of a preliminary experiment, the values of influencing factors were defined (Table 1) . It is noteworthy that the empirical correlations (1) - (3) do not take into account surface roughness (relatively smooth materials, such as glass, polymers were used in the experiments).
According to results of DCA calculation by using equations (1) - (3) (Fig.2) , it is found that the dynamic contact angle (during drop spreading over rough copper surfaces) does not depend on the capillary number. And the divergence in results obtained from these three eq. (1) -(3) is more than 3%. However, after analyzing results of the experimental series, it has been found that d
T increases as the capillary number increases. Moreover, d
T increases significantly on surfaces with high roughness (Ra). This result can be explained by an increase of the friction force over the surface tension with increasing capillary number. During drop spreading over the surface, liquid on the three-phase contact line pins on micro asperities of the substrate.
The empirical correlations (1) - (3) are applicable in the case of liquid drop spreading over the smooth surfaces or over the rough surfaces into the low capillary number region (up to 2,5·10 -7 ). After cosT from capillary number is calculated by using experimental results and plotted in Fig.3 . Obtained function is analogous to Eq. (4) [12] . 
The exponent B characterizes the slope angle of the dependences presented in Fig.3 . Comparing eq. (5) - (7) it should be noted that B does not depend on the arithmetic average roughness of the surfaces. However the type of dependences H=f(Ca) is almost identical.
Coefficient A depends on the roughness: with increasing the roughness A increases.
Conclusion
The following results have been obtained after conducting the experimental investigations of distilled water drop spreading over the copper surface:
x DCA obtained experimentally increases with raising the capillary number. Moreover, d
T increases significantly on surfaces with high roughness. ).
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